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SUMMARY . .  
An investigation  has  been  undertaken in t h e  Langley  20-foot f ree-  

spinning  tunnel  to  determine the effectiveness of half-del ta   a i lerons 
in terminat ing  the  spin  rotat ion of a model having a 60' de l t a  w i n g .  
Ailerons 15 and 5 percent of t h e  w i n g  area were  investigated. In  addi- 
t i o n   t o  a basic  loading, tests were made with m s  dist r ibut ion  increased 
along t h e  w i n g s  by the   addi t ion  of  external aerodynamic  shapes. The aero- 
dynamic shapes were in s t a l l ed   e i the r  a t  inboard  or  outboard  positions and 
were considered  to'simulate  either fuel tanks or  engine  nacelles. 

The r e s u l t s  of the  invest igat ion  indicated  that ,  for the  range of , 

conditions  investigated,  half-delta ai lerons 15 percent   o f - the  wing area 
were ef fec t ive  in  terminating  the  spin  rotation  by movement of t h e  
a i l e rons   t o  ful l  with  the spin..  Ailerons 5 percent of t he  wing area = 

effect ively  terminated  the  spin  rotat ion  for  the basic  loading  but were 

wings  (aerodynamic  shapes installed). The changes i n   s p i n  and spin- 
recovery  characteristics  brought  about by I n s t a l l a t i o n  of  t h e  aerodynamic 
shapes were due p r i m i l y  to t h e  changes i n  mass loading. Trinnning t h e  
ailerons  symmetrically upward pr ior   to   def lec t ing  them d i f f e ren t i a l ly  had 
l i t t l e  benef ic ia l   e f fec t .  The results of th i s   inves t iga t ion  and the  data 
presented  in  NACA RM LgU36, ind ica te   tha t   ha l f -de l ta   a i le rons  when 
deflected  through 5300 f'rom the  plane of the  wing o r  from a  trimmed-up 
pos i t ion  were as ef fec t ive  as conventional  flap-type  ailerons of com- 
parable   s ize   def lected 2200 in   effect ing  recoveries  from spins f a r  com- 
parable  delta-wing  designs. 

.. not   suff ic ient ly   effect ive  for   the  condi t ions  with mass added along  the 

The model trimmed at f la t  stalled a t t i t udes   fo r  up se t t i ngs  of t he  
elevator.  On a similar airplane  configuration, it w i l l  be necessary t o  
move t h e   s t i c k  forward  of  neutral  in  order to pi tch   rap id ly  to an 
unsts l led  a t t i tude.  
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INTRODUCTION 

Results of an  investigation of the  spin and spin-recovery  charac- 
t e r i s t i c s  of a model having a 600 delta w i n g  and conventional  flap-type 
controls  previously conducted i n   t h e  Langley  20-foot free-spinning tun- 
nel  (ref. 1) indicated  that ,   for  a configuration  having 8 single  verticcil 
t a i l ,  the  a i lerons,  when def lec ted   to  fu l l  with  the  spin, were the  effec- 
t ive  controls   in   terminat ing  the  spin  rotat ion.  Inasmuch a8 half-del ta  
t i p   c o n t r o l s  are being  considered as la te ra l   cont ro ls   for   t r iangular  wings, 
an  investigation w a s  undertaken t o  determine the  effectiveness  of  controls 
of t h i s  type in  terminating  spins. The investigation was performed i n   t h e  
Langley  20-foot free-spinning  tunnel and t he   r e su l t s  are presented  herein. 
The 60° delta-wing model used for   th i s   inves t iga t ion  was s imi l a r   t o  that 
used  for   the  invest igat ion  reported  in   reference ' l .  For the  present  inves- 
t igat ion,  two ai leron  s izes  were investigated, 15 and 5 percent of the  
wing area. Included in   the   inves t iga t ion  were tests to determine the  
effectiveness of trimming both  ailerons  symmetrically upward and then 
deflecting them di f fe ren t ia l ly  as ailerons. The  model  was investigated 
i n  a basic  loading  condition and with aerodynamic  shapes  (simulating 
e i the r   fue l  tanks o r  engine  nacelles)  al ternately  installed at an  inboard 
and outboard s t a t ion  on t h e  wing, t h e  mass dist r ibut ion  a long  the wing 
being  increased  with  the  addition  of  the  tanks. The longitudinal  location 
of the  center of gravity was maintained  constant during the  investigation. 
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SYMBOLS 

wing span, ft 

wing area, sq f t  

wing or  elevator chord at any stat ion  a long  the span, 
f t  

mean aerodynamic chord, f t  

r a t i o  of  distance  of  center of gravity  rearward of 
leading edge of mean aerodynamic chord t o  mean 
aerodynamic chord 

r a t i o  of distance between center of gravity and 
fuselage  reference line t o  mean aerodynamic  chord 
(posi t ive when center of gravi ty  is below fuselage 
reference  l ine)  

.. 

m mass of airplane, slugs 
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IY - Iz 
mb2 

Iz - Ix 
mb2 

P 

a 

moments of i n e r t i a  about X, Y, and Z body axes, 
respectively, slug-ft2 

i n e r t i a  yawing-moment parameter 

i n e r t i a  rolling-moment  parameter 

i n e r t i a  pitching-moment parameter 

air  density, sluga/cu ft 

re la t ive   dens i ty  of airplane,  
CSb 

angle between fuselage  reference  l ine and v e r t i c a l  
(approximately  equal to   absolu te   va lue  of angle 
of a t tack at plane of symmetry), deg 

angle between span axis and horizontal, deg 

f u l l - s c a l e   t r u e   r a t e  of  descent,   f t /sec 

fu l l - s ca l e  a.ngular velocity  about  spin axis, rps 

Model 

The  model used f o r   t h e  spin investigation w a s  of  such  proportions 
as t o  be considered  representative of a & -scale  delta-wing  fighter 

type of airplane. The dimensional  characteristics of a corresponding 
ful l -scale   a i rplane  are   given in table I. The hinge  lines of the  half-  
del ta   a i lerons  invest igated on t h e   m d e l  were  located at the  50-percent 
s t a t i o n  of  the inboard  chord of the  a i lerons.  A three-view  drawing of 
the  model as tested  with  f lap-type  elevators and half-delta  ai lerons is 
shown i n   f i g u r e  1, and  a  drawing  showing the   pos i t ion  of t he  aerodynamic 
shapes  (external  tanks  or  nacelles)  as  tested on t h e   m d e l  is shown as 
figure 2. A photograph of t h e  model with  the  5-percent  ai lerons,installed 

namic shapes in s t a l l ed  outboard and inboard are shown as figure 4. 
- is  sham as figure 3, and two photographs  of t he  model with  the aerody- 
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The moCel was ballasted to   ob ta in  dynamic s i m i l a r i t y   t o  a corre- 
sponding airplane at an a l t i t ude  of 15,000 feet ( p  = 0.001496 slug/cu f t ) .  
The weight, moments.of iner t ia ,  and center-of-gravity  location  used i n  
ba l l a s t ing   t he  model were selected on the  basis of  dimensions  of . a n  air- 
plane  typical  of  this  type. The  aerodyn-c shapes were independently 
ballasted, the  s i z e  and weight of t he  aerodynamic shapes  being based on 
an  existing  configuration similaz t o   t h e  one being  investigated and having 
external  fuel  tanks installed. If the  tank is  considered a nacelle  housing 
an engine, it would be expected t h a t   t h e  weight of t h e  complete nacelle 
would be approximately half t h e  weight  investigated. 

A magnetic  remote-control mechanism vas ins t a l l ed   i n   t he  model t o  
actuate  the  controls  for  the  recovery  attempts.  Sufficient moments were 
exerted on the  control  surfaces  during  the  recovery  attempts t o  reverse 
them f u l l y  and rapidly. 

Wind Tunnel and Testing Technique 

The tests were performed i n   t h e  Langley  20-foot free-spinning  tun- 
nel,   the  operation of which i s  generally similar t o  that described i n  
reference 2 f o r   t h e  Langley  15-foot  free-spinning  tunnel,  except  that 
t h e  model launching  technique  for  the  spin tests has  been changed. With 
the   con t ro l s   s e t   i n  the desired posit ion,   the model i s  launched  by hand 
with  rotat ion  into the v e r t i c a l l y   r i s i n g  a i r  stream. After a number of 
turns i n  the established spin,  recovery is  attempted by moving one o r  
more controls by means of the  remote-control mechanism. After recovery 
t h e  model dives  into a safety  net .  In those  instances when t h e  model 
does  not  recover, it is  lowered into  the  safety  net  at the termination 

figure 5. 
,of t h e  test. A photograph of t h e  model during a spin is  shown as 

The spin data presented were obtained and converted t o  corresponding 
full-scale  values  by methods described  in  reference 2. The turn6 for  
recovery were measured from the t i m e  the controls w e r e  moved t o  the time 
t h e  spin rotat ion ceased.  For  recovery  attempts i n  which the  model struck 
the  safety  net  w h i l e  it was s t i l 1 , i n  a spin,  the  recovery was recorded as 
greater  than  the nuniber of turns from t h e  time the  controls  were moved t o  
t h e  time the  model s t ruck  the  net ,   that  is as >3. A >3-turn  recovery 
does  not  necessarily  indicate an improvement over a >T-turn  recovery. 
For  recovery attempts i n  which the  mdel d id  not  recover,  the  recovery 
r e s u l t  was recorded as Q). When t h e  :model recovered  without  control 
movement, w i t h  the  rudder with  the  spin,   the  results were recorded as 
"no spin. " 

Spin-tunnel tests are .usually made t o  determine the   sp in  and 
recovery  characterist ics of t h e  madel at the normal spinning  control 
configuration  (elevator full up,. ailerons  neutral ,  &nd rudder full with 



- the   sp in)  and a t  various  other  aileron-elevator  control  conhinations 
including  zero and mimum deflectfons. Recovery is generally  attempted 
by  rapid fu l l  rudder reversal.  During this investigation,  recoveries 
were also  attempted by movement of ailerons  alone. Tests are a lso  per- 
formed to   evaluate   the  possible   adverse  effects  on recovery of small 
deviat ions  f romthe normal control  configuration for spinnfng.  For  these 
tests, the  a i lerons  are  s e t  at 1/3 of the  full deflect ions  in   the  direc-  
t i o n  conducive t o  slmer recoveries and the  e levator  is set at 2/3 of 
i ts  fu l l -up   de f l ec t ion   o r   fu l l  up, whichever is conducive.to  slower 
recovery. Recovery w a s  attempted by rapidly revers- the  rudder from 
full with the spin t o  full against   the  spin, or  by movement of ailerons 
alone  to  full o r  half with  the  spin. The sp in   ro ta t ion  of the  model is  
considered t o  be adequately damped if  recovery  from  the  spin requires 
2 turns or less. This  value  has  been'selected on t h e  basis of full- 

scale   a i rplane  spin-recwery data that are ava i lab le   for  comparison w i t h  , 

corresponding model test  resu l t s .  

- 

i 

PRECISION 

The model test  results  presented are Believed t o  be true  values 
given by t h e  model within  the following limits: 

a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +I 
# , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . *1 
V, percent . . . .  .-. . . . . . . . . . . . . . . . . . . . . . .  k5 
h y p e r c e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -12 
Turns f o r  recovery: 

F r o m  mtion-picture  records . . . . . . . . . . . . . . . . . .  *1/4 
From visual  observation . . . . . . . . . . . . . . . . . . . .  f1/2 

The preceding  limfts may have  been  exceeded fo r  some of the  spfns 

- 

fn which it w a s  d i f f i c u l t   t o   c o n t r o l   t h e  model in  the  tunnel  because  of 
t h e  wandering or   osci l la tory  nature   of   the   spin.  

Comparison between model and fu l l - sca l e   r e su l t s  in: reference 3 indi-  
.cated that model tes ts   sa t isfactor i ly   predicted  ful l -scale   recovery  char-  
a c t e r i s t i c s  approximately 90 percent of t he  time and f o r   t h e  remaining 
10 percent of t he  t i m e  t h e  model results were of value  in   predict ing some 
of t he   de t a i l s  of the  ful l -scale   spins .  The airplanes usually spun at 
an  angle of a t t ack   c lose r   t o  45O than did the  corresponding models. The 
comparison presented in reference 3 also  indicated that usua l ly   t he   a i r -  

' planes spun with  the  inner wing t i l t e d  more downward and with a greater  
a1t:itude loss per  revolution  than did the  corresponding models; t h e  
higher rate of  descent of airplane o r   mde l ,  however, being  generally 
associated  with  the smaller angle of attack. This comgarison was made 

- 
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primarily  for  conventional  airplane designs, however, and may not  be 
s t r i c t l y   a p p l i c a b l e   t o  delta-wing  airplanes. 

Because it is impracticable t o  ballast the  model exactly and because 
of inadvertent damage t o   t h e  model during tests, t h e  measured weight and 
mass dist r ibut ion of the  model varied  from  the  true scaled-down values 
within  the  following  l imits:  

Weight, percent . . . . . . . . . . . . . . . . . . . . .  . O  t o  2.5 high 
Center-of-gravity  location,  percent E . . . . . . . .  0 t o  1.5 forward 
Moments of iner t ia :  

Ix, percent . . . . . . . . . . . . . . . . . . . . . .  0 t o  8 high 
Iy, percent . . . . . . . . . . . . . . . . . . . . . .  O t o  2 h i g h  
I ~ , p e r c e n t  . . . . . . . . . . . . . . . . . . . . . .  O t o 2 h i g h  

The accuracy of measuring  weight and mass dist r ibut ion i s  believed 
t o  be within  the  following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . .  f l  
Center-of-gravity  location,  percent E . . . . . . . . . . . . . .  f l  
Moments of inertia,   percent . . . . . . . . . . . . . . . . . . . . .  * 5  

Controls were set with an accuracy of *lo. 

TEST CONDITIONS 

The mass character is t ics  and i n e r t i a  parameters for   the  condi t ions 
investigated are shown i n  table I1 and p l o t t e d   i n  figure 6. The model 
was tested with  landing  gear  retracted and the  cockpit  closed. The f o l -  
lowing conditions were investigated  with  ailerons  deflected  differentially 
from t h e  plane of t he  wing: basic loading,  external tanks ins ta l led  
inboard, and external tanks installed outboard.  With the  a i lerons trimmed 
symmetrically upward 30° from the  plane of t he  wing, t e s t s  were made only 
fo r  the condition  with external tanks located  outboard. 

The maximum control  deflections (measured perpendicular t o   t h e  hinge 
l i nes )  used i n   t h e  tests were: 

Rudder, degs . . . . . . . . . . . . . . . . . . . .  30 r ight ,  30 l e f t  
Elevator, degs . . . . . . . . . . . . .  -. . . . . . . .  30 up, 20 d m  
Ailerons  (deflected  from  plane of  wing), degs . . . . .  30 up, 30 darn 
Ailerons  (deflected from 30° up t r i m  posit ion),  degs . 60 up, 0 down 

moment near  the stall  as was obtained f o r  f20 g deflections of t h e  
For the   ha l f -de l ta   a i le rons   to  produce a proxfmately the  same rolling 



- flap-type  ailerons of approximately  the same area which were previously 

- 30° trimmed-up posi t ion (refs. 4 and 5 ) .  A t  low speed and low angles of ' 

investigated and reported  in  reference 1, it would be requi red   to   def lec t  
t h e  15-percent  half-delta  ailerons  through  approximately t30° from a 

attack  the  15-percent half-delta ailerons,  when deflected  approximately 
230° from the  plane of the  wing, should  provide a r o l l i n g  m m e n t  equiva- 
l en t  to that of the  f lap-type  controls.  Although the   ha l f -de l ta   a i le rons  
produce  larger  roll ing moments f o r  comparable def lec t iom thas the   f lap-  
type  controls a t  supersonic  speeds,  (ref. 6 ) ,  it was believed that t h e  
low-speed condition on a corresponding  airplane would be t h e  mast c r i t i c a l  
with  regard  to  spin  recovery,  and accordingly  the  deflections  tabulated 
above  were  used fo r  the current  investigation. 

R E S U E S  AND DISCUSSIOIi7 

. A key t o   t h e  results presented, a list of the  foot  notes used on 
the   char t s ,  and a tabulat ion of remarks appl icable   to  a l l  charts are 
given on ch+ 1. The. r e s u l t s  of the   sp in  tests are presented on 
charts 2 to 6 .  

15-Percent  Ailerons 

Basic-loading  condition.- The results of t h e  tests wi th   the  mdel 
loaded t o  represent  the assumed normal loading  of a corresponding.air- 

ha l f -de l ta   a i le rons   ins ta l led  are presented i n  chart  2. This loading 
corresponds t o  the  loading  designated as normal in the investigation  of 
reference 1 f o r  which flap-type  controls of approximately  the same area 
were  used. 

- plane  (loading  point 1 i n  table I1 and f ig .  6 )  and with  the  15-percent 

- 

' As is indicated  in   char t  2, t he   mde l   r e s i s t ed   sp inn ing   fo r  most 
cont ro l   se t t ings ,   the   sp ins  that w e r e  obtained  usually  occurring  for 
a i l e ron   s e t t i ngs   s l i gh t ly  against the  spin.  Although rudder reversa l  
w a s  usual ly   inef fec t ive  i n  terminat ing  the  spin  rotat ion,   a i leron w e -  - 

ment to   wi th   the   sp in  w a s  very  effective,  and movement  of the   a i le rons  
t o  only half with   the   sp in  was su f f i c i en t   t o   s a t i s f ac to r i ly   t e rmina te  
the  spinning motion. It should  be  noted, however, that f o r  the center- 
of-gravity  posit ion investigated.(approximately 25 percent of t h e  mean 
aerodynamic  chord) after  termination of the   sp in   ro ta t ion ,   the  model 
usual ly  trimmed in  a f la t  s t a l l ed   g l ide  when the  e levator  w a s  up. Simi- 
lar r e s u l t s  were obtained  for   the  invest igat ion  reported  in   reference I, 
and it was indicated  that   for  the  corresponding f u l l - s i z e  airplane it 
would be necessary  to   mve  the-s t ick  forward of neutral  after the   sp in  

att i tude.   Information  presented  in  reference 1 indicates that f o r  an 
ro t a t ion  is damped in o rde r   t o   p i t ch   t he   a i rp l ane   r ap id ly   t o  an unstalled 

- - 
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airplane of this type,  the  center  of  gravity  should be no fa r ther  rear- 
ward than  the  25-percent  station  of. the mean aerodynamic chord f o r  satis- 
factory  longitudinal t r i m  character is t ics .  

Effect of i n s t a l l i ng  aerodynamic shapes at an inboard and at an 
outboard  position on the  w i q . -  Charts 3 and 4 indicate   the results 
obtained  with  the aerodynamic shapes  simulating fuel t-s installed at 
an  inboard and outboard  location on t he  w i n g ,  respectively. As  has  been 
noted  previously  the mass loading of t h e  model w a s  altered as the  tanks 
were instal led.  With no tanks  installed,  basic  loading  condition,  the 
model w a s  extremely heavily  loaded  along the fuselage; whereas with  the 
tanks  installed at an outboard  position  the moments of i ne r t i a  about 
the  X and Y axes were nearly  equal. As i s  indicated on the  char ts ,  
recoveries  obtained  with tanks installed either  inboard or outboard were 
generally similar. Although spins were more prevalent  for  these  condi- 
tions  (loading  points 2 and 3 on table I1 and f ig .  6 )  than  for   the  basic  
loading  condition,  the model s t i l l  resisted spinning when the  a i lerons 
were f u l l  with  the  .spin. Although the  rudder was ine f fec t ive   i n  termi- 
nat ing  spins ,   the   spin  rotat ion of t h e  model w a s  adequately damped by 
movement of the   a i le rons   to  fu l l  w i t h  the  spin.  Movement of the  a i lerons 
t o  only  one-half  with  the  spin, however, w a s  insuff ic ient   to   insure   rapid 
termination of the  spin  rotat ion  for   these  condi t ions.  Comparison. of t he  
data  presented  in  chart  4 with  the data presented i n  reference 1 f o r  a 
s imilar  mass loading  condition  indicates  that   the  half-delta  ai lerons 
used in  the  present  investigation  having maximum deflections of *30° 
gives  resul ts  which are generally similar to  those  obtained  with  f lap- 
type  ailerons of comparable s i z e  and having maximum deflections of +20°. 

.- 

On the  basis of t he   r e su l t s  of br ie f  tests conducted t o  determine 
the  aerodynamic effects  o f  t he  aerodynamic shapes on the  spin  character- 
i s t i c s  of t he  model (not   presented  in   the  char ts) ,  and on the  basis of a 
comparison of t he   r e su l t s  of the  present  investigation  for  loadings  with 
t h e  aerodynamic shapes  installed  for similar loading  conditions  investi- 
gated  in  reference 1, it appears  that   the  effects  obtained  with  the  aero- 
dynamic shapes  attached are a t t r ibu tab le   p r imar i ly   to  changes i n  mass 
dist r ibut ion.  A s  previomly  noted, i f  the  external  aerodynamic shapes 
are considered as being  nacelles  housing gas turbine  engines,  the  nacelles 
would be approximately  half as heavy as t he  aerodynamic shapes  investi- 
gated. On the basis of the  changes in mass loading  brought  about by 
in s t a l l a t ion  of nacelles of t h i s  weight, it would be expected that placing 
the  nacelles  inboard would lead t o  results s imilar   to   those  obtained  for  
the  basic  loading  (chart 2 ) ;  whereas placing  the  nacelles  outboard would 
yield results similar to  those  presented on chart 3. 

For the  loading  conditions  investigated, it would be expected t h a t  
a. ro l l i ng  monent i n   t he   d i r ec t ion  of the   sp in  would produce an ant ispin 
yawing moment because of i ne r t i a   e f f ec t s  and thus be bene f i c i a l   i n  termi- 
nating  the  spin.  Approximate calculations  indicate that the   an t i sp in  
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- aerodynamic yawing moment produced by def lect ing  the half-delta ai lerons 
to   w i th   t he   sp in  w a s  l a r g e   i n  comparison w i t h  the   pro-spin  rol l ing moment 
produced. Thus, when the   ha l f -de l ta   a i le rons  were deflected  with  the 
spin,   the   antfspin aerodynamic r a t h e r . t h a n   i n e r t i a  yawing monient may 
have  been the  primary  factor  in  terminating  the  spin  rotation. Charts 2, 
3, and 4 show t h a t   t h e  model began tu rn ing   t o  the left after termination 
of t he  imposed launching   ro ta t ion   to   the   r igh t   for   the   a i le ron   fu l l -wi th  
spins   with  the  e levator  up, possibly  because of t he   an t i sp in  yawing 
moment produced, 

* 

5-Percent  Ailerons 

Results of tests performed with  the  5-percent half-delta ailerons 
in s t a l l ed  on the model me presented on chruct 5. Camparison of t h f s  
chart  with  chart 2 ind ica tes   tha t ,  for t h e  basic loading  condition,  the 
sp in   ro t a t ion  was satisfactorily  terminated  by movement of the   a i le rons  
t o  only one-half  with the sp in   for   e f ther  of the   a i le ron   s izes .  For t h e  
loading  conditions  with  the external aerodynamic shapes installed, how- 
e v e r ,   f u l l  movement of the  5-percent  ailerons did no t   s a t i s f ac to r i ly  
clamp t h e  sp'in  rotation; whereas full movement of the  15-percent  ailerons 
(char t s  3 and 4) had adequately damped the   ro ta t ion .  Results of  b r i e f  
tests (not presented on the  char ts)   indicated that fo r   t hese  loadings, 
deflecting  intermediate s i z e  a i lerons (10 percent )   to  full with  the  spin 
resulted  in  marginal  spin-recovery  characterist ics.  Thus it would appear 
that, for  loading  conditions similar t o   t hose  tested with  the  external  
aerodynamic  shapes installed, t h e  minhum-size half-del ta   a i lerons 
required  for   sat isfactory  terminat ion of the   sp in   ro ta t ion  would be 
approximately  15-percent  of  the wing area. 

Ailerons  Deflected From Trimmed-Up Posit ion 

B r i e f  t e s t s  were conducted wi th   the   a i ie rons  trimmed 30° up (both 
set at 30° up and def lected  l l i f ferentfal ly   f rom-this   posi t ion)   for   the 
condition  with  the aerodynamic  shapes in s t a l l ed  outbomd. As has been 
noted  previously, a ro l l i ng  moment i n  the d i rec t ion  of the   sp in  is bene- 
f ic ia l  as regards  recovery  for   this  mass condition and t h e  data of refer- 
ence 4 indicate  that trimming the   a i le rons  up should  increase  the  roll ing 
moment of half-del ta   a i lerons a t  high angles of attack. Approximate com- 
putations a lso  ind ica te  that al though  def lec t ing   the   a i le rons   in   th i s  
manner should  increase  the  pro-spin  rolling moment at spinning  att i tudes,  
t he   an t i sp in  yawing moment would be reduced. The r e s u l t s  of t h e  tests 
are presented  in   char t  6. Comparison  of these   resu l t s   wi th   the  data 
presented  in   char ts  4 and 5 shows tha t   def lec t ing   the   a i le rons ' f rom a 
trimmed-up posi t ion did not  appreciably  alter  the  spin-recovery  charac- 
t e r i s t i c s  f o r  t h i s  loading. It appears  possible,   therefore,   that   the 

I 
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increased  pro-spin  rolling moment obtained by trimming the  a i lerons up 
may have  been  compensated by the  decreased  antispin yawing moment. 

CONCLUSIONS 

On the   bas i s  of  the   sp in  and recovery  tes ts  of a 60° delta-wing 
model equipped  with  half-delta  ailerons,  the  following  conclusions  are 
made : 

1. Half-delta  ailerons when deflected +30° with  the  spin were as 
e f fec t ive  as conventional  flap-type  ailerons of comparable s ize   def lec-  
t ed  +20° in   effect ing  recoveries  from spins for negative  values of t h e  

i n e r t i a  yawing-moment parameter, w, as low negatively as approxi- 

mately -80 x 10- 4 . 
2. Half-delta  ailerons 15 percent of t he  wing area were ef fec t ive  

in   terminat ing  the  spin  rotat ion when deflected full, with  the  spin f o r  

the  three  loadings  investigated ( IXmb2 
- IY equivalent t o  approximately 

-750 x -340 X and -80 x whereas ailerons 5 percent of 
t he  w i n g  area were effect ive only for  the  basic  loading  condition 

' (IXmb2 4, 
- IY approximately -750 x 10- . 
3. Trimming the  lateral   controls  symmetrically upward p r i o r   t o  

def lect ing them as ailerons had only little ef fec t  on recoveries. 

4. The changes in   sp in  and spin-recovery  characteristics  brought 
about by in s t a l l i ng   t he  aerodynamic shapes were due pr imar i ly   to  changes 
i n   t h e  mass distribution. 

5. The model trimmed a t  f l a t  s ta l led   a . t t i tudes   for  up settings o f  
the  elevator,  On a similaz airplane configuration, it w i l l  be  necessary 
t o  more t h e   s t i c k  forward of neutral   in   order  t o  p i tch   rap id ly   to  an 
unstal led  a t t i tude.  

Langley  Aeronautica.1  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley Field, V a .  
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TABLE 1." DIMENSIONAL  CHARACTERISTICS OF AIRPLANE 

SIMULATED BY THE 20 . SCAU SPIN MODEL 

Length. over.all. f t  . . . . . .  ; . . . . . . . . . . . . . . .  41-37' 

Wing : 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  29.42 
Area., sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  375 
Sect ion.   paral le l   to   a i rplane  center   l ine . . . .  NACA 65(06)-006.5 
Mean aerodynamic  chord. 5 .  f t  . . . . . . . . . . . . . . . .  16.99 
Leading  edge E behind wing apex. i n  . . . . . . . . . . . . . .  101.98 
Sweepback of leading cage of w i n g .  deg . . . . . . . . . . .  60 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  0- 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  305.8 
Wing dihedral. iieg . . . . . . . . . . . . . . . . . . . . .  0 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Distance from center of gravity  to  elevator  hinge  l ine.  Ft . 9.88 
.Distance from center of gravity  to  rudder  hinge  l ine.  f t  . . 11.15 

. .  

. . .  

Elevator: 
Chord behind hinge l ine   (constant) .   in  . . . . . . . . . . . .  34.4 
Area of each  elevator  behind  hinge  line. sq f t  . . . . . . . .  11.54 

Ailerons : 
15 percent  half-delta area (both  ailerons).  sq f't . . . . . .  56.25 
5 percent  half-delta  area  (both  ailerons). sq f t  . . . . . . .  18.75 

Vertical  t a i l :  
Total  area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  67.0 
Rudder area behind  hinge  line. sq  f t  . . . . . . . . . . . . .  13-4 
Chord behind  hinge l i ne  (constant). in . . . . . . . . . . . .  19.2 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  1.15 

"-s7 
" 



[ ~ d a l  values converted t o  corresponding ml -eca le  values; 
moments of inertia given abut center of gravity] 

Weight, 

Basic loading 
.2 23la with  external 

tanks inboard 

Basic loading 
3 231a with external 

tanks outboard 

1 I 

g -  Sea 
c E level 

0.246 o 13.80 

0.248 0.07 27.39 

0.248 0.06 27.39 



Turns for  recovery by full 

Turns for  recovery by a i le ron  
mvement  alone t o  f'ull with 
the spin 

Turns f o r  recovery by a i le ron  
movement alone t o  one-half 

Recovery attempted from, and steady-spin  data  presented for, rudder full with  spins. 
Right  erect  spins. 
Model values  converted t o  corresponding frill-scale values. 
U inner w i n g  up 
D inner wing down 

(b) Footnotes 

&Model motion becomes increas ingly   osc i l la tory   in  roll and yaw u n t i l  model r o l l s  
over inver ted .   Af te r   go ing   inver ted   mdel   e i ther   ro l l s  in the   d i r ec t ion  of t h e  
a i l e ron   s e t t i ng  or dives. 

bAfter launching  rotation damps, model trims in a flat glide. 
'After  launching  rotation damps , model begins a f lat  g l i d i n g   t u r n   t o  left,. 
h o  conditions  possible. 
e O s c U t o r y  spin. Range o r  avhage  values  given. 
fModel motion becomes increasingly  osci l la tory in pitch,  roll, and yaw until model 

gAfter  launching  rotation damps , model goes into a v e r t i c a l   a i l e r o n   r o l l  t o  r igh t .  
h o d e l  becomes increasingly  osci l la tory in roll and yaw eventually  going  into a 

dive or r o l l   t o  left.  
hfodel becomes increasingly  osci l la tory in roll and yaw until eventua l ly   the  

Z - a x i s  of t h e  model becomes horizontal ,   the  model then  continuing t o   r o t a t e  about thia 
axis as it descends. 

a t tack  eventual ly   going  into a left r o l l .  

pitches  inverted  or  dives  out.  

JMdel  becomes inc reas ing ly   o sc i l l a to ry   i n   ro l l  and yaw, trims at high angle of 

kAFter launching  rotation damps, model goes i n t o  a left spin. 
m 

nAilerons trimmed at only  X) degrees up fo r  this   control   configurat ion.  
After launching  rotation damps, model pitches inverted. 

" 
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CHART2.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL IN BASIC LOADING CONDITICN 

"AILERONS 15PER CENT OF WING AREA INSTALLED 

[Loodlng point I on toble II and flgure 6 =-746~1(3-+) ; see chart I for key and f o o t n d d  

e 

Ailemns full against 
(stick iett) 

SPIN 

Ailerons full with 
(stick right ) 

SPlN 
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CHART 3.SPIN AND RECOVERY  CHARACTERISTICS CF WEL WITH  EXTERNAL  TANKS INSTALLED INBOARD 
-AILERONS 15 PER CENT OF WING AREA INSTALLED 

i d.8 h i  m 

. " 

pj" SPIN 
" .. . 



NACA RM L52I(24a 17 

CHART4.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL WlTH EXTERNAL TANKS INSTALLED OUTBasRD 
-AILERONS 15 PE E N 1  OF WING AREA INSTALLED 

R ” Y  
LLoading 3 In table IC and figurn 6 ( *-79x10-44); see chart I for key and foot-] 

Fw 238 0.60 

ik“pl 90 120 

e l  C 
r 

59 13U 
I 

eo IOD - 
234 $ 059 AkOn5 full against 

(stlck right) [stick [aft) 
Ailerons full with 246 

L o  do0 SPIN 
NO 

A 



m 

t 



I , 

Ekwta 

' 

I 

15 per cent &inns 

m I 

. .  
.. . 



NACA RM L52K2ba 

"- "_" """ ""_ """" - " """""~ """ 

Figure 1. - Drawing of the A - scale model tested in the Langley 20-foot 

free-spinning tunnel. Center of gravity positioned at 25 percent 
mean aerodynamic chord, E .  'phe 15 percent ailerons and the external 
fuel tanks located at the outboard and inboard positions are shown in 
phanhll. 

20 
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Figure 2. - Drawing of the external fuel tanka and installation on model. 
Inboard tank position shown in phantan. 
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(b ) Tanks inboard. 
.. 

Figure 4. - The A - scale model w i t h  external tanks. 
20 
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'Y ' IZ  Relative  mass distribution ~ 

- 
"W' 

m b2 increased along the wings 

Figure 6 .  - Inertia  parameters  for loadings tested on the 2c, - scale model. 1 

I (Points  correspond  to m e r e d  loadings tn table II. ) 


